The selection of roost cavities by Nyctalus noctula and N. leisleri, 2 widespread species of mainly Eurasian distribution, was examined in Bia1owie_ za Primeval Forest in eastern Poland from May to August in 1998August in -2002 Because N. noctula is one of the most common forest-dwelling bats in Europe, whereas the smaller N. leisleri is relatively rare across its range (except in Ireland) and more limited to ancient forests, we hypothesized that these 2 taxa may differ significantly in their tree-cavity selection. Twenty-five N. noctula and 26 N. leisleri were radiotracked to 52 and 50 roost trees, respectively. For each accessible cavity roost occupied by N. noctula (n ¼ 28) and N. leisleri (n ¼ 39), 16 features were measured and compared with potentially available cavities (n ¼ 72). Both species were selective in roost choice, and preferred cavities located higher (averaging 19 m above the ground), in more open surroundings, with smaller entrances, and with greater safety distance (from martens) than available cavities. Nearly all roosts occupied by bats were dry inside. Both species slightly more frequently settled in cavities with entrances facing NE and SW, but the differences were not statistically significant. Compared to the pool of available cavities, N. noctula was statistically more frequently found in cavities with wider inside cross section and with 1 entrance, unlike N. leisleri, which often used cavities with more than 1 entrance (range 1-6 entrances). One of the most noticeable differences between the 2 species was roost origin. N. leisleri used natural cavities (90%) more often than woodpecker cavities (10%), whereas N. noctula showed the opposite tendency (woodpecker-made cavities accounted for just over half of roosts chosen by this species). The safety distance also was significantly larger in N. leisleri than in N. noctula. A logistic regression model for N. noctula incorporating 4 cavity variables (safety distance from martens, height above ground, cavity origin, and mean distance to nearest vegetation) classified roost and available cavities correctly 85% and 94% of the time, respectively. For N. leisleri, the use of 2 variables only (i.e., height above ground and marten distance) resulted in correct assignment of 85% of roosts and 88% of available cavities. These differences suggest that the 2 species use different antipredator strategies that may have important consequences for their different survival rates in younger forests. In general, roosts in Bia1owie_ za Primeval Forest are selected under pressures of predation and climate, and there bats tend to use safe and warm shelters.
1996; Vonhof and Barclay 1996) . Knowledge of how forestdwelling bats select roosts has increased in recent years, especially in North America (reviewed by Miller et al. 2003 ; see also Bernardos et al. 2004; Parsons et al. 2003; Veilleux et al. 2004; Willis et al. 2003) , Australia (Lumsden et al. 2002; Tidemann and Flavel 1987) , and New Zealand (Sedgeley 2003; Sedgeley and O'Donnell 1999a , 1999b , 2004 . In Europe, information about roost selection at cavity level is relatively poor and rather limited to data on cavity origin, height of entrance, or entrance size (e.g., Boonman 2000; Pénicaud 2000; Russo et al. 2004 ; but see Rieger 1996) . In general, most authors have focused on external characteristics of trees (reviewed by Kunz and Lumsden 2003; Lacki and Baker 2003) , and few (e.g., Sedgeley 2001; Sedgeley and O'Donnell 1999a) have examined internal features of cavities occupied by bats.
Preferred traits of roost cavities could be species-specific and may depend on colony size, reproduction status, and climatic conditions (see Kunz and Lumsden [2003] for a review). Internal cavity dimensions strongly influence thermal characteristics (Sedgeley 2001 ) and security of bats (Sedgeley and O'Donnell 1999a) . Temperature seems to be one of the most important factors influencing roost selection by bats, especially during breeding season. Bats, being small animals with large surface areas relative to their volumes, have unfavorable proportions of body area to body surface, and easily lose heat. Low temperatures may retard gestation and growth of young (Entwistle et al. 1997; Racey 1973; Tuttle 1976 ) and affect the duration of maternal care (Sano 2000) . It appears that pregnant and lactating bats tend to use tree cavities with features providing the best protection of energy and maximizing the growth rate of juveniles.
During the last 1,000 years there has been dramatic deforestation in Europe (Mannion 2001; Maruszczak 1999) , with most primeval forest harvested to feed the human economy. Forests have become increasingly threatened by anthropogenic factors and formerly mixed stands were either cut or transferred into monocultures. This process has caused serious changes in ecology and behavior of mammals and birds. One of the best examples is swifts (Apus apus), which, in some areas, moved the entire nesting process to buildings rather than holes in trees (e.g., Pugacewicz 1997; Tomia1ojć and Stawarczyk 2003) .
Knowledge of roost selection by bats in natural lowland forests in Europe is limited (Kurskov 1958; Ruczyński and Ruczyńska 2000) -most studies were conducted in planted forests or in small parks located in the vicinity of towns (e.g., Boonman 2000; Č ervený and Bürger 1989; Heerdt and Sluiter 1965; Limpens and Bongers 1991) . Additionally, several authors in their ''forest'' research focused on artificial shelters, such as bird-and bat-boxes (Kasprzyk and Ruczyński 2001; Kerth et al. 2001; Kowalski and Lesiński 1994; Likhachev 1961) . Nevertheless, detailed interpretation of behavioral results from strongly changed habitats must be treated as uncertain. Bats in Bia1owie_ za Primeval Forest in eastern Poland-the largest remnant of original lowland forest in Europe-rarely use bird-or bat-boxes (Krzanowski 1961 ; D. Czeszczewik, pers. comm.; G. Lesiński, pers. comm.), possibly reflecting an abundance of old trees with many suitable roosts (Ruczyński and Ruczyńska 2000) . Unusually high numbers and diversities of cavities in this forest result from intensive rotting of wood in old or dying trees as well as the activities of 9 species of woodpeckers. Selection of tree-cavity roosts may be influenced by the presence of predators and competitors. Predation on bats may occur within the roost or during emergence (Fenton et al. 1994; Speakman 1991) and this pressure could differ in natural versus managed forests.
We studied the use of tree cavities by the noctule, Nyctalus noctula (Schreber, 1774), and Leisler's bat, Nyctalus leisleri (Kuhl, 1817)-2 widespread, mainly Eurasian, species that usually roost in trees (e.g., Bogdanowicz and Ruprecht 2004; Gebhard and Bogdanowicz 2004; Hanák and Gaisler 1983; Strelkov 2000) . N. noctula is one of the most common forest dwelling bats in Europe, whereas the smaller N. leisleri is relatively rare across its range (Bogdanowicz 1999; Shiel 1999) , except in Ireland, where N. noctula does not occur (O'Sullivan 1994; but see Bogdanowicz and Ruprecht 2004) . In spring both species migrate to the Bia1owie_ za Primeval Forest, where they form breeding colonies and where young are born (Likhachev 1961; Ruczyński and Ruczyńska 2000) . In autumn these bats most probably migrate to the south or southwest (Daleszczyk 2001; Kaňuch et al. 2004 ; see also Bogdanowicz and Ruprecht 2004; Gaisler et al. 2003 ).
It appears that N. leisleri is more connected with old-growth forest than is N. noctula (Č ervený and Bürger 1989; Heise 1982; Schmidt 1988 ) and we hypothesize that these 2 species differ significantly in tree-cavity selection. Greater success of N. noctula may be related to easier accessibility of appropriate roosts in widely distributed managed and relatively young forests.
Our research into roost-site selection at the cavity level by 2 phylogenetically related species of forest-dwelling bats during the breeding season had 3 aims: 1st, to characterize tree cavities used by bats in well-preserved stands of Bia1owie_ za Primeval Forest and determine if these cavities are representative of those available in random plots; 2nd, to perform comparisons between species; and 3rd, to provide a focus for conservation efforts.
MATERIALS AND METHODS
Study area.-Bia1owie_ za Primeval Forest is located at the PolishBelorussian border (528439N, 238549E) and covers an area of 1,450 km 2 . It is the largest remnant of the original temperate forest in Europe. The study area (100 km 2 ) covered well-preserved stands of Bia1owie_ za National Park and sections that are managed forests but that have old-growth remnants (.100 years) within them. Mature stands in the area, being in the best state of preservation (i.e., in the socalled strict reserve) of Bia1owie_ za National Park, are dominated by oak (Quercus robur; the percentage surface area covered by tree stands dominated by this species is equal to 20%), hornbeam (Carpinus betulus; 19%), lime (Tilia cordata) and maple (Acer platanoides; 9% combined), spruce (Picea abies; 16%), pine (Pinus sylvestris; 11%), alder (Alnus glutinosa; 12%), ash (Fraxinus excelsior; 6%), and birch (Betula spp.) and aspen (Populus tremula; 7% combined). In the managed part of the forest, where pine (26%) and spruce (28%) dominate, the percentage of deciduous trees such as oak (11% of the area), hornbeam (2%), and lime and maple (0%) is much lower than in the strict reserve. The average age of these managed forest stands dominated by a given species is approximately 73 years. Old-growth remnants cover approximately 20% of the managed forest .
Bia1owie_ za Primeval Forest is situated in the temperate zone but with influences of continental climate (Olszewski 1986 ). The average ambient temperature observed in 1988-2002 was 14.98C for May, 18.28C for June, 20.18C for July, and 18.08C for August. The average long-term temperature for July is 17.88C. In spring and summer, large differences (.108C) are observed between day and night temperatures. The duration of night during the study period ranged from 7 h 15 min to 9 h 25 min.
A rich community of vertebrates uses tree holes as breeding sites in Bia1owie_ za Forest, including 32 species of birds (Pugacewicz 1997) and probably 11 species of bats (Kurskov 1958; Ruczyński and Ruczyńska 2000; Sachanowicz and Ruczyński 2001) , as well as European pine marten (Martes martes), forest dormouse (Dryomys nitedula), fat dormouse (Glis glis), yellow-necked field mouse (Apodemus flavicollis), and European red squirrel (Sciurus vulgaris). Tree holes also are inhabited by invertebrates, such as bees, wasps, and beetles (Ruczyński and Gutowski 2002, I. Ruczyński, pers. comm.) .
Capture of bats and location of roost cavities.-We located roost sites from May to August in 1998 August in -2000 August in and 2002 August in (N. leisleri) and in 1999 August in -2002 . Bats were caught in mist nets (2 Â 6 m and 2.5 Â 4 m), set across small forest rivers (qutownia, Narewka, Hwoźna, and Z1ota) and at a pond at the edge of the strict reserve of Bia1owie_ za National Park. Captured bats were identified to species and sex, and their age and reproductive conditions were determined. We followed guidelines of the American Society of Mammalogists (http://www. mammalogy.org/committees/index.asp) in all handling procedures.
Roost trees were located by radiotelemetry. We attached small transmitters (0.5 g, Biotrack, Wareham, United Kingdom, and Titley Electronics Pty. Ltd., Ballina, New South Wales, Australia; or 0.7 g, Titley Electronics, and Holohil System, Carp, Ontario, Canada) to the interscapular regions of bats with surgical adhesive (Skin-Bond, Smith and Nephew, Largo, Florida). The mass of applied transmitters never exceeded 5% of the bats' body mass (Aldridge and Brigham 1988) . We radiotracked a total of 26 N. noctula (10 pregnant females, 11 lactating females, 3 juvenile females, and 2 juvenile males) and 25 N. leisleri (10 pregnant females, 12 lactating females, 1 juvenile female, and 2 juvenile males). We used H-shaped (handmade) antennae and receivers (Yupiteru, MVT-700, Javiation, Bradford, West Yorkshire, United Kingdom) and Yaesu (FT-290R, Vertex Standard, Cypress, California) to locate signals from tagged bats and in this way found their roost trees. By counting emerging bats at dusk we determined the numbers of individuals using the roosts we located. We located roosting bats daily over the life of the transmitters and our average tracking periods were 6.5 days (range 1-14 days) for N. noctula and 7.5 days (range 2-13 days) for N. leisleri.
We used climbing techniques to examine each roost cavity used by Nyctalus after the bats had left. For each roost (except for 11 roosts in dead trees, 16 not precisely located, 5 that fell to the ground or were damaged, and 7 with extremely difficult access), we measured 10 of the features applied by Sedgeley and O'Donnell (1999a) , including distance from roost tree to the nearest tree in which height was equal or higher than location of the respective cavity (distance was measured for 8 trees at 458 intervals); diameter of tree at cavity height (DCH); cavity height from the ground level (measured with a clinometer [Suunto, Helsinki, Finland] ); entrance area (maximum horizontal size by maximum vertical size); cross-sectional area of cavity at entrance level ( Fig. 1A : i Â ii); internal height; internal depth; capacity ((internal height of cavity þ internal depth of cavity þ vertical entrance size) Â cross-sectional area); average wall thickness ([DCH À (i þ ii)/ 2]/2); and safety distance, also called marten distance (distance from external part of entrance to the furthest place inside cavity; however, when both dimensions of the entrance exceeded 6 cm, safety distance was estimated as 0 cm; in a typical cavity inhabited by both species of Nyctalus, cross-sectional area usually is larger than entrance area). We presume that large size of entrance is the main factor allowing most potential predators (such as pine martens) to penetrate the cavity, and then even a cavity 50 cm deep (or high) does not protect bats against all natural enemies. On the other hand, in several cases, the marten distance was more than 2-3 times either the internal cavity depth or height, because some cavities sometimes form complex, mazelike structures ( Fig. 1) .
We also measured 6 other features, including cavity location on the tree; cavity origin (made by a woodpecker or natural, i.e., formed during wood decomposition); cavity type (chamber-chambers had clearly defined space, e.g., holes made by woodpeckers; or crevicesdeep but only 2-5 cm wide); cavity shape (deeper-internal cavity depth exceeded cavity height; equal-internal cavity depth and height differed by not more than 10%; higher-internal cavity height exceeded cavity depth); cavity humidity (dry; damp-with some humidity on walls or at the bottom; wet-with water inside); and compass direction of cavity entrance (NE, NW, SE, or SW-measured at 908 intervals). We also counted the number of entrances to the cavities. We measured the internal cavity with a flexible wire, which afterwards also was measured. Each cavity was illuminated and observed with the use of a small mirror mounted on a wire.
Sampling of available cavities.-To estimate which characteristics most influenced cavity selection, cavities occupied by bats were compared with those potentially available. Available cavities were sampled by using the nearest-individual method (Bullock 1996) . Trees containing cavities were examined in an area of up to 250 m from roost trees, so that sampling was undertaken in similar forest stands. At each randomly selected location, the nearest trees were searched from the ground for the nearest cavity. Available cavities were located FIG. 1.-Selected measurements taken from cavities occupied by Nyctalus noctula and N. leisleri and those potentially available in Bia1owie_ za Primeval Forest. A) Cross-sectional area, width (i) Â depth (ii); B) entrance as seen from in front of the tree; and C) longitudinal section of tree and cavity, as seen from the side. Other cavity features mentioned in the text are described in Sedgeley and O'Donnell (1999a) . during late autumn, winter, and early spring, with binoculars (magnification 7 Â 50 and 10 Â 50), in the period when trees were devoid of leaves. The number of cavities located with the help of binoculars and that we observed after climbing the tree were similar (Wilcoxon test, Z ¼ 1.42, n ¼ 72, P ) 0.05), although 6% of cavities were not visible from the ground. Altogether, 72 trees with cavities were sampled and characterized. Every available cavity accessible by climbing was measured. If a tree had multiple cavities, only 1 (chosen randomly) was measured. Cavities were considered to be available for bats if their internal volume was greater than 50 cm 3 and horizontal and vertical dimensions of the entrance exceeded 15 mm and 25 mm, respectively. According to our experience, such cavities could be inhabited by both species of Nyctalus. Data analysis.-A few variables with nonnormal distribution (as checked with Wilks-Shapiro test) were transformed by log(x) or log(x þ 1) to approach normality. For statistical comparisons, t-test and F-test were used. Differences in frequency distribution were compared by v 2 test. In the 2 Â 2 tables with frequencies , 10, Yates' correction was applied. The importance of cavity parameters in roost selection of bats was checked via logistic regression. This method is distribution free and can thus include both discrete as well as continuous variables. The best logistic regression model, with the highest overall percentage of correctly classified observations, was determined by using stepwise procedure. All calculations were performed with Statistica, ver. 5.5 (StatSoft, Inc. 2000) .
RESULTS
Twenty-five N. noctula and 26 N. leisleri were radiotracked to 52 and 50 roost trees, respectively. Cavities were measured for 28 roosts occupied by N. noctula and 39 roosts used by N. leisleri, that is, 11 roosts in dead trees, 16 not precisely located, 5 lost, and 7 with extremely difficult access were not measured. Five roosts were inhabited by both bat species, which used them at the same time. The mean numbers of roosts located per individual were 1.92 and 2.08 for N. leisleri and N. noctula, respectively.
Characteristics of cavities selected by bats.-Woodpeckermade cavities accounted for just over half of roosts chosen by N. noctula (54%); the remaining 46% were of different origin (Table 1) . N. leisleri was less frequently found in woodpeckermade cavities (10%) compared to other types of cavities (90%; Table 1 ). Both N. noctula and N. leisleri commonly roosted in cavities located in tree trunks (86% and 74%, respectively) rather than those in large branches (14% and 26%, respectively), but these differences were not statistically different from available cavities (Table 1) . N. noctula used only hollow (chamber-type) cavities rather than crevices, whereas N. leisleri bats roosted both in hollows (77%) and crevices (23%). N. leisleri used crevices more frequently than would be expected based on their availability (Table 1) . Cavities with depth exceeding height accounted for 62% of roosts chosen by N. noctula and 44% of those inhabited by N. leisleri. Cavities with height exceeding depth made up 39% of those inhabited by N. noctula and 56% of those chosen by N. leisleri. Nevertheless, neither N. noctula nor N. leisleri showed any significant selection for a cavity of particular shape. Nearly all roosts occupied by bats were dry. Roost cavities chosen by N. noctula had 1 entrance, whereas those used by N. leisleri often (16 of 39) had more than 1 entrance (range 1-6); in a few cases extra entrances served as emergency exits. Cavities used as roosts by both species tended to face NE or SW but observed differences were not statistically significant (Table 1) . The percentages of cavities with entrances facing different compass directions occupied by N. noctula and N. leisleri relative to the available pool of cavities also were not significant (Table 1) . In studying quantitative characteristics of cavities (Table 2) , we found statistically significant differences between the available pool of cavities and the 2 species in 4 variables: mean distance to nearest vegetation, height above ground, entrance area, and safety distance (the so-called marten distance; Table 3 ). Roosts used by N. leisleri also differed from available cavities in terms of internal height and depth, whereas those inhabited by N. noctula had statistically wider inside cross section (Table 3) .
Mean distance to nearest vegetation at cavity height was greater by 4 m for cavities inhabited by the bats compared to those potentially available. Entrances to cavities occupied by N. noctula averaged 19.2 m above ground and those used by N. leisleri averaged 18.6 m. Available cavities averaged 10 m lower ( Table 2 ). The entrance area of cavities occupied by both species was nearly half the size of available cavities. The maximum width of the used roost entrances did not exceed 8 cm in cavities occupied by N. noctula and up to 93% of the openings were ,5 cm. N. leisleri also roosted in narrow cavities, with no entrance being wider than 6 cm ( Table 2) . A negative correlation was found between entrance dimensions in N. noctula; as the height increased the width decreased (r ¼ À0.44, n ¼ 28, P , 0.05).
Although the inside cross section of cavities inhabited by N. noctula was significantly larger than those occupied by N. leisleri, the cavities themselves were shallower and vertically smaller (Table 3 ). The respective wall thicknesses in the roosts of both taxa (as well as in the census of available cavities) were similar. Lack of difference in wall thickness reflected slightly larger trunk diameter at cavity height in roosts occupied by N. noctula. Both N. noctula and N. leisleri preferred cavities with a larger marten distance compared to cavities from the potentially available pool. The marten distance was significantly larger in N. leisleri than in N. noctula (Tables 2 and 3) .
Characteristics influencing cavity selection by bats.-The logistic regression model we used for N. noctula included 6 parameters (cavity origin, mean distance to nearest vegetation, height above ground, entrance area, cavity cross section, and marten distance), which showed significant differences between roost cavities and other available cavities. The complete set of parameters correctly classified 85% of cavities occupied by N. noctula and 92% of potentially available cavities (v 2 ¼ 60.20, d.f. ¼ 6, P , 0.001). The same level of correct assignment (v 2 ¼ 60.10, d.f. ¼ 4, P , 0.001) also was obtained with a 4-variable model (including marten distance, height above ground, cavity origin, and mean distance to nearest vegetation at cavity height). A set of 3 variables (marten distance, cavity origin, and height above ground) allowed for the correct placement of 78% of roost cavities used by N. noctula and 90% available cavities (v 2 ¼ 59.47, d.f. ¼ 3, P , 0.001).
For N. leisleri, the analysis employed 8 variables (cavity type, cavity condition, mean distance to nearest vegetation, height above ground, entrance area, internal height, internal depth, and marten distance). This model correctly classified 88% of the roost cavities inhabited by N. leisleri as well as 92% of available cavities (v 2 ¼ 76.55, d.f. ¼ 8, P , 0.001). When using 2 variables only (height above ground and marten distance), we could correctly classify as many as 85% of roosts used by N. leisleri and 88% of available cavities (v 2 ¼ 71.99, d.f. ¼ 2, P , 0.001).
DISCUSSION
In Bia1owie_ za Primeval Forest, N. noctula did not choose more woodpecker-made cavities than other types of cavities. The ratio of woodpecker-excavated cavities to natural ones in this area is smaller than that recorded in forests in Western Europe (e.g., Boonman 2000; Kronwitter 1988; Stratmann 1978) , suggesting a possible preference by bats in these regions. In Germany, these bats often settled in cavities made by the black woodpecker (Dryocopus martius-Kronwitter 1988; Stratmann 1978), which were not occupied by bats in Bia1owie_ za Primeval Forest, probably because of their large entrances and, in consequence, high predation pressure and poor insulation against large differences (.108C) between day and night temperatures. Unlike N. noctula, N. leisleri more often roosted in the more frequently available natural tree cavities than woodpeckermade cavities. Natural cavities can be either hollows or crevices; the latter were preferred by N. leisleri. Such cavities sometimes formed complex mazelike structures that may provide better insulation from unfavorable weather conditions as well as better protection against intruders such as A. flavicollis, D. nitedula, or G. glis-rodents that significantly reduce breeding success rates of birds in Bia1owie_ za Primeval Forest (Walankiewicz 2002b) . We saw G. glis in a cavity abandoned by bats the previous day and we found a dead young N. leisleri at the entrance, suggesting that pressure from glirids influence the bats' behavior. Complicated layout of cavities and the presence of additional entrances may increase the bats' chances to escape. The larger size of individual N. noctula (forearm length ¼ 48.0-58.0 mm; reviewed by Gebhard and Bogdanowicz [2004] ) may limit their access to some roosts used by N. leisleri (forearm length ¼ 39.0-46.4 mm; reviewed by Bogdanowicz and Ruprecht [2004] ) and make them less vulnerable to some predators.
Predation pressure on nestlings in holes made by woodpeckers is much higher than in natural tree cavities, according to D. Czeszczewik and W. Walankiewicz (in litt.) . Czeszczewik and Walankiewicz suggest that woodpeckers know the holes that they made, occasionally visit such holes, and prey on nestlings if they are present. We hypothesize that N. noctula somehow is able to defend cavities, whereas the smaller N. leisleri is strongly exposed to predation. N. leisleri decreases risk of predation by avoiding cavities made by woodpeckers. Possibly this bat species in younger forest stands must use cavities made by woodpeckers and finally is eliminated from the landscape by predation.
In Bia1owie_ za Primeval Forest, trunk diameter at cavity height did not influence cavity selection by bats. Sedgeley and O'Donnell (1999a) obtained similar results in New Zealand, whereas Vonhof and Barclay (1996) found larger trunk diameters at the level of bat-inhabited cavities in North America. A larger trunk diameter means better insulation from the environment and more stable thermal conditions (Derby and Gates 1966) .
The height of the cavity above ground was important for both species in Bia1owie_ za Primeval Forest because both species occupied cavities averaging 19 m above ground, probably representing ''mean record values'' for Europe (see Gebhard and Bogdanowicz 2004) . In the Netherlands, roosts of N. noctula roosts are a few or approximately 10 m above ground (Heerdt and Sluiter 1965) ; in Germany, roost height in general is from 7 to 12 m (e.g., Boonman 2000; Schmidt 1988; Stratmann 1978) ; but in Bavaria in southern Germany Kronwitter (1988) recorded heights of 4.6-22.4 m (average 12.6 m, n ¼ 30). In an old city park in the Czech Republic, bats occupied cavities at 2-8 m above ground, with N. noctula living ''even above 10 m'' (Č ervený and Bürger 1989) . In Brittany (France) bats' cavities were found at 2-11 m (Pénicaud 2000). We believe that bats' roost choices partly reflect the heights of available trees (Faliński 1986) , and higher roost entrances probably provide better protection against predators (e.g., Rydell et al. 1996; O'Donnell 1999a, 2004; Vonhof and Barclay 1996) . In Bia1owie_ za National Park, the nest cavities of European pied flycatchers (Ficedula hypoleuca) located higher above ground are less often invaded than are lower ones (Czeszczewik and Walankiewicz 2003) , a trend that did not apply to collared flycatchers (Ficedula albicollis-Walankiewicz 1991) . Both N. noctula and N. leisleri roost higher in trees than sympatric cavity-nesting birds (Fig. 2) , reflecting, in part, their distinct preference for oak trees (Weso1owski 1995; authors' own data). Temperature benefits arising from greater exposure of trunks to sunlight at cavity height have been identified as an important reason for bats choosing more elevated roosts (Sedgeley 2001) . On the other hand, all roosts of northern long-eared bats (Myotis septentrionalis) were located in or below the forest canopy, which suggests that solar exposure may not be as critical for selection of roost trees by maternity colonies of this species as for other tree-roosting species at more northern latitudes in North America (Menzel et al. 2002) . In Bia1owie_ za Primeval Forest, we noted that temperatures on the outside of trees increased with increasing height above ground, a trend reflected by roost temperature and influencing the thermal environment of bats' roosts. The diameter of the entrance to a cavity is related to body size of the species occupying the cavity (McComb and Noble 1981; Van Balen et al. 1982) , perhaps reflecting the potential for competition with larger species. Although entrance size was similar in cavities occupied by N. noctula and N. leisleri in Bia1owie_ za Primeval Forest, the entrances greatly exceed the minimum diameters through which bats could enter (Ruprecht 1984) . A few Australian bat species choose cavities with similar entrance sizes (Tidemann and Flavel 1987) . We did not find any clear evidence of competition between N. noctula and N. leisleri in Bia1owie_ za Forest (more than 10% of roosts were used by both taxa at the same time) reflecting the general situation in birds in this area (Czeszczewik 2004; Walankiewicz 1991) .
Roosts with small entrances doubtless offer better protection against inclement weather conditions (e.g., Barclay et al. 1988; Sedgeley and O'Donnell 1999a) and predators. In Bia1owie_ za Primeval Forest, bat roost cavities most often had entrances smaller than the width of a marten's head (ca. 4.5-5 cm-see Reig and Ruprecht 1989) . Martens damage birds' broods with their paws and, if the entrance is big enough, they enter the cavity (Czeszczewik 2004; Walankiewicz 2002b) . If the entrance is small and there is sufficient space inside the cavity (large marten distance), bats need not fear this predator. The pine marten is one of the main species contributing to brood loss in birds living in natural forest stands in Bia1owie_ za Primeval Forest (Czeszczewik 2004; Walankiewicz 1991 Walankiewicz , 2002a Walankiewicz , 2002b see also Weso1owski 2002) . However, analysis of martens' food intake shows that they very rarely eat bats (Zalewski et al. 1995 ). It appears that the concentration of bats in colonies considerably reduces martens' chances of finding the ''right'' cavity, despite the fact that being in colonies might increase the smell coming from the roost.
Although a small entrance significantly reduces the possibility of penetration of the cavity by martens, it does not protect from smaller predators such as weasels and some rodents and Weso1owski 1989 Weso1owski , 1995 Weso1owski , 1996 Weso1owski and Tomia1ojć 1986) . Where bird nesting heights differed across habitats, the higher location was chosen. Drawing of tree by C. Duriez. woodpeckers (e.g., Czeszczewik 2004; Weso1owski 2002) . Other behavior patterns, such as the nomadic lifestyle of breeding colonies, active defense, or choosing roosts located high above the ground, may contribute to better protection of bats against these intruders.
We also believe that reduced air exchange between the cavity and its surroundings arising from small entrances and extent of the cavity (large marten distance) should limit radiation of heat from the roost and allow for protection of the bat's energy, especially when ambient temperature is low and temperature inside cavity can fall below the bat's thermoneutral zone, which is estimated to be 298C (Speakman and Thomas 2003) . Because bats can increase the temperature inside roosts by up to 5-88C (Burnett and August 1981) , temperature inside cavities without bats should exceed at least 22-248C. The average long-term temperature for the warmest month, July, is 17.88C (Olszewski 1986) , indicating that in Bia1owie_ za Primeval Forest pregnant and lactating bats usually should use well-insulated roosts. As we discovered, the measurement of temperatures inside roost cavities and potentially available cavities shows that unused hollows were colder, especially during night. Although in some periods colder cavities can be preferred, for example, because of food limitation or high ambient temperatures, we think that such situations are much rarer, so that pregnant and lactating N. noctula and N. leisleri in Bia1owie_ za Primeval Forest follow the general pattern of temperate-climate bats and roost in the warmest available cavities (see Entwistle et al. 1997; Sedgeley 2001) , reflecting their thermal biology (Burnett and August 1981; Hock 1951; McNab 1982) . Russo et al. (2004) , although they did not measure cavity temperatures, also discovered that entrances to cavities preferred by Barbastella barbastellus were higher above ground and faced south more frequently than the available cavity set, suggesting selection for warm roosts by reproducing females. At the same time, roosts that are too hot were not used by the bats we studied, as observed elsewhere (Hutchinson and Lacki 2001; Kalcounis and Brigham 1998; Zahn and Henatsch 1998) .
We found that N. noctula and N. leisleri select cavities because of their specific features. The most prominent impacts on cavity selection were its placement about the ground, marten distance, and cavity origin. It appears that roosts in Bia1owie_ za Primeval Forest are selected under pressure of predation and climate, and bats tend to use safe and warm roosts. Particularly noticeable differences found between the 2 species investigated concerning roost origin suggest that they use different antipredator strategies, which can have important consequences for their different survival rates in younger forests.
